Steel plate
Introduction
Composite construction has been extensively castoff for building structures over the previous (50 years). Primarily, recognized for beams in buildings, composite components now also hold columns and shear walls, and are regularly active in high-rise structures, remaining to their high axial load capac-E-mail: rafid1980@yahoo.com ity and stiffness. The preceding insufficient years have seen the enhancement of the complete composite frame, where the benefits of steel and concrete are combined to offer structural systems of excessive strength and stiffness. This type involves of a steel plate forms the soffit of the beam and this performances in combination with the reinforced concrete. Steel plate will effort as enduring formwork and as extra reinforcement to internal reinforcement. A small or large steel plate is collective with reinforced concrete for consistent this new type of composite beam, namely, composite reinforced concrete beam. The dimensions of casted beams used for bending test were (50 × 100 × 500 mm3). Carbon and alloying elements diffusion enhanced the metallurgical bond across the interface of casted beams. Carbon diffusion from high-Cr WCI into 310 SS resulted in the formation of Cr-carbides in 310 SS near the interface and Ni diffusion from 310 SS into high-Cr WCI led to the formation of austenite within a network of M7C3 eutectic carbides in high-Cr WCI near the interface. Inserting 310 SS plates into high-Cr WCI beams resulted in a significant improvement in their toughness. All specimens of this metal matrix composite failed in a ductile mode with higher plastic deformation prior to failure. The high-Cr WCI specimen reinforced with I-section of 310 SS revealed higher toughness compared to that with T-section at the same volume fraction. The presence of the upper flange increased the reinforcement efficiency for delaying the crack growth. The rest of researches are concerned with reinforced concrete strengthened by involuntarily committed steel plates. Where several types of connectors were driven into the concrete through the plates, in order to provide sufficient bonds between them and to develop the composite behavior. In this approach, the common mode of failure was flexural with full strength being organized. From above, it can be established that the second approach is the more effective one, and need refining. It has not yet been established visibly the theoretical background to describe and develop the composite action and the prediction criteria for deflection of the strengthened (composite) beam, which were an important marvels for serviceability state.
Experimental program and tests set-up
In this effort, the consequence of steel plates with different thickness on the behavior of beams and normal concrete is considered. The materials which cast-off were involving of cement, sand, gravel and water. The mixing process used in this study was outlined by Emborg [6] , and modified by Al-Jabri [7] . The concrete combination design is allowing to the offered and adapted (ACI 211.1) method using the EFNARC [8] . After mixing, concrete is poured into lightly oiled molds in three layers and well compacted by using manual vibrator. Table 1 indicates the mix proportions. For each concrete mix, three cube specimens (150 mm × 150 mm), nine cylinder specimens (150 mm × 300 mm) and one prism (100 mm × 100 mm × 500 mm) are taken: specimens are tested at 28 days. Details of trial mix in Table 1 , in Table 2 indicate the lowest and highest compressive strength and modulus of rupture at 28 days. In this present study, the third trial mix was used.
Steel plate
Tensile tests are conducted on several specimens, at least three specimens, prepared from the steel plates, which are used in fabricating the composite beams. Material properties obtained from the coupon tests for steel plates, static yield stress and ultimate strength, are summarized in Table 3 . Details of push-out tests are given later in the following chapter, while the results of tensile tests are given in Table 4 .
In Table 4 , T u is the ultimate tensile force of the steel bolt (stud connector) obtained from tensile test. Yield and ultimate tensile strength is calculated by dividing T u on the area of steel bolt (stud connector) based on inner diameter.
Details of the beams
The sections of beam are designed according to ACI 318M-2008, and the dimensions of beam are b = 150 mm, h = 250 mm with length of 1600 mm. 
Results and discussions
To explore the flexural performance of the beams, one control beam with normal strength concrete and the second plated beam were established. 
General behavior
The experiment consequences are given in Table 6 . All beams of this group were intended to fail in flexure. At about (25-36%) of the ultimate load, more cracks developed at the bottom of the beam which advanced toward the main cracks and often joined them. One or more cracks propagated faster than the others. As estimated, the main cracks for all test beams initiated at the middle zone and (RC, RSP1 and RSP2) presented ductile flexural failure, just (RSP3) showed shear failure. The performance of the control beams was generally similar up to failure.
Ultimate strength
The noted ultimate loads of the established beams are obtainable in Table 7 .
For the tested beams (RSP1. RSP2 and RSP3), which have plates in tension flanges only, the increases in strength were (73%, 86% and 161%) respectively. This improvement is due to different thicknesses of plates which means increase in strength of beams. This intention confirms that the ultimate flexural strength is controlled mainly by the resistance of plates, which is increased with increasing steel plate thickness (Fig. 3). 
Deflections
Load-deflection curves of the established beams at mid span at all stages of loading up to failure were constructed and shown in Fig. 4 .
Concrete crack width
The crack width of the major flexural crack at the level of tensile reinforcement was measured by means of crack deflection pocket microscope. Fig. 5 show load versus crack width for the tested beams. By inspecting the curves of the load-crack, it can be observed that:The presence of steel plate tends to reduce the number of cracks even at the same loads compared with reference beam.Increasing the thickness of steel plate reduces the number of cracks and crack width.
Concrete strains
The strain was measured by a mechanical strain gauge. It was used to measure surface concrete strain for every stage of loading at points located in mid span of beams and measured by using a mechanical type demec gauge with accuracy 0.002 mm per division. Aluminum discs with a 10 mm diameter are pasted on the face of the beam as plotted, the location of demec point are shown in Fig. 6 . The concrete strain was measured at every stage of loading, the process of measuring the strain was continued up to the failure of the beams. Fig. 7 traces the strain distribution with beam depth, for the four beams, the first beam was control beam (unstrengthened with steel plate), (RC) and the others are strengthened beams, it can be observed that at the same load level concrete strain decrease with increasing the thickness of steel plate, this is because, increasing the thickness will increase the stiffness of the beams hence the deformations will be reduced. Strain distribution at mid span of all beams designed to fail in flexure is shown in Fig. 7 : Figs. 8-16 shows the numerical strain distribution of beams. From this figures it can be noticed that the maximum strain occurred along the load path where the inclined crack has been occurred. From the inspections of the strain result, it gives good agreement with experimental result.
Conclusions
Based on the results of this study, the following conclusions are as shown:The number of shear connector obligatory in composite reinforced concrete is very much reduced associated with the number required in normal composite construction of comparable strength, where large interaction area donates in moving shear by friction which influences the number of shear connectors.The concrete beam strengthened with epoxy bonded plates. The communal approach of failure for these beams is a early failure which considered by ripping off the plate organized with the concrete cover to which it may be devoted. This was owing to the faintness constructed in the concrete cover as the concrete section has been loaded for the first time. It is value observing that no parting met between the plate and the concrete as the epoxy layer is strong sufficient. Also, mutual problem, of this technique is the corrosion of the steel plate surfaces in the long term consequence which will create parting. Many trials were carried out to support the epoxy bonds by extra bolts provided at the plate ends, with extra little enhancement to the performance.For the beams (RSP1. RSP2 and RSP3), increases in strength were (73%, 86% and 161%) respectively. This improvement is due to different thicknesses of plates, which means increase in strength of beams.Increasing the thickness of plates for beams leads to decrease the deflection and width of cracks and numbers of cracks.Increasing the thickness will increase the stiffness of the beams hence the deformations will be reduced. Strain distribution at mid span of all beams designed to fail in flexure.Consuming shear connectors to attribute the steel plate is very fruitful and they are effective in rising the composite action between the reinforced concrete beams and the steel plate up to failureThe beams (RC, RSP1and RSP2) presented consideration failure, the beam (RSP3) presented a shear failure, this mean that the beam spread to the ultimate strength, therefore, the failure convert from the tension to the shear failure.All beam presented without parting at the plate ends or shearing of the bolts. 
Conflicts of interest
The author declares no conflicts of interest.
r e f e r e n c e s 
